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(g) Scrubber system for removing carlx>n dioxide from a metal-air or fuel celt battery. 



@ A method for maximizing the effective life and 
utilization of C02-absorbent material in a scrub- 
ber system (10) for removing carbon dioxide 
from an air inflow to a metal-air t>attery (12) or 
fuel cell comprises providing, in such a t>attery, 
a housing (14) including a gas inlet (16), a gas 
outlet (18). and at least one removatHe, gas- 
permeable container (20a^b,20c) containing a 
C02-absort>ent material (22), the container t)e- 
ing positioned across ttie flow path of gas 
entering said inlet and exiting said outleL After 
a predetermined utilization of the system, the at 
least one removat>le, gas-permeable container 
is removed therefrom and spent COj-absorbent 
material from the container is regenerated for 
reuse in the screbber system, the regeneiration 
including at least perlodically renrraving ao- 
cumulated Group 1a metal carbonate deposits. 
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Th present invention relates to a scrubber sys- 
tem for removing carbon dioxide from a metal-air or 
fuel cell battery. 

More particularly, the pres nt invention r latesto 
such a scrubber system and to a method for maximiz- 
ing the effective life and utilization of cart)on dioxide- 
absorbent material in such a scrubber system. 

As is known, and as described, e.g., in U.S. Pa- 
tent No. 3.909,206. alkali electrolyte fuel cells and 
metal-air batteries require a clean fuel and a dean ox- 
idant to generate power. Many oxidants, such as air 
and all but the most pure, and therefore the most ex- 
pensive, oxygen supplies and some fuels contain car- 
bon dioxide (CO2) which, when brought into contact 
with the electrolyte, combine with the. electrolyte to 
form carbonates. The formation and presence of car- 
bonates in the electrolyte decreases the voltage of 
the cells and batteries, and eventually causes their 
failure. 

For this reason, a CO2 scrubber system Is appli- 
cable to a metal-air or fuel cell battery (e.g.. zinc-air 
battery, hydrogen-air fuel cell) with an alkaline elec- 
trolyte (e.g., aqueous KOH) and incorporating an air 
electrode, supplied with air as the cathodic reactant 
Regular air contains about 400 ppm of CO2, and if this 
CO2 is not removed, the CO2 can react with the KOH 
to form potassium carbonate (K2CO3). which will grad- 
ually build up In the alkaline electrolyte. 

2K0H + CO2 = K2CO3 + H2O (1) 

K2CO3 not only reduces the conductivity and al- 
kalinity of the KOH. giving poorer cell polarization 
characteristics, but. being less soluble than KOH. can 
deposit carbonate crystals in the pores of the air elec- 
trode, especially in the presence of other sparingly 
soluble Ions, .such as zincates and aluminates in the 
electrolytes of zinc-air and aluminum-air cells respec- 
tively. These crystals can cause leaks and shorten 
the life of air electrodes. 

The general absorption reaction of CO2 by alkali 
metal hydroxide (MOH) may be written: 

2M0H + CO2 = M2CO3 ♦ H2O (2) 

The prior art has therefore suggested the use of 
a scrubber system containing alkali hydroxide gran- 
ules, held as a compact bed in a suitable container 
whose dimensions, the granule size, the granule 
loading and degree of packing of the granules are de- 
termined by such factora as the required airflow rate 
and flow time through to the battery, permitted pres- 
sure drop across the granule bed, permitted CO2 exit 
concentration and degree of absorption required 
within the bed. Advantageously, the granules are re- 
tained between plastic screens somewhat finer than 
the granule dimensions, and the scrubber system 
may be advantageously fitted with dust-retaining fil- 
ters and/or moisture or dropi t-retalning demistera. 
Whenth bed is n longer eff ctiv for scrubbing and 
CO2 breakthrough occura. as shown, for example, vis- 
ually (by a color chang of a chemical indicator im- 



pregnated on the granules, which signals chemical 
exhaustion of the bed) or electronically (by th output 
of a CO2 detector, for example of the infra-red typ . 
showing CO2 levels above a certain pred termined 
5 value, for example. 50 ppm). the bed must be re- 
placed. 

There is therefore a need for a scrubber system 
of special application to serviceable batteries of the 
above type (e.g., mechanically-rechargeable zinc-air) 

10 wherein there is a need to periodically maintain the 
CO2 scrubber system, and it is desirable, for econonrt- 
ical and/or ecological reasons, to reprocess the spent 
scrubber active material rather than simply disposing 
of spent scrubber material and using of fresh material. 

15 U.S. Patent No. 3,909,206 teaches a scrubber 
using finely-ground alkali hydroxide particles mixed 
with fine particles of a hydrophobic material, such as 
polytetraf luoroethylene. for renrK)ving carbon dioxide 
from a gas stream to a concentration of less than 0.25 

20 ppm. 

Although CO2 levels may be reduced to less than 
0.25 ppm. no means are provided for reprocessing 
the scrubber material, or for extending the effective 
life thereof. 

25 U.S. Patent No. 3.990.912 for hydrogen-air fuel 
cells with alkaline electrolytes uses electrochemk:al 
means to convert K2C03 in the cell electrolyte back to 
KOH, by rrieans of an additional regenerator cell sys- 
tem with circulating electrolyte that consumes hydro- 

30 gen when it operates. This may be too complex, heavy 
and parasitic as to power needs for a mobile system 
application (e.g., an electric vehicle) and. requiring a 
source of hydrogen, will not be applicat)le to non-hy- 
drogen systems (e.g.. aluminunrvair). 

35 U.S. Patent No. 4,047.894 describes a scrubber 

element comprised of spaced-apart corrugated lay- 
ere of porous PVC impregnated with C02-absorbing 
solution (e.g., 10 Moles/liter aqueous KOH). Although 
means for reuse of the element are described (column 

40 , 3. lines 49-52). comprising rinsing with water, drying 
and reimpregnation with absorption solution, no 
means are given for reprocessing of the spent absorb- 
er to give fresh absorbent free of carbonate deposits, 
or for extending the effective life thereof by mechan- 

45 ical means. 

In light thereof, there Is now provided, according 
to the present invention, a method for maximizing the 
effective life and utilization of C02-absorbent materi- 
al in a scrubber system for removing cart)on dioxide 

50 from an air inflow to a metat-alr battery or fuel cell, 
comprising providing in such a battery a housing in- 
cluding a gas inlet, a gas outlet and at least one re- 
movable, gas-permeable container containing a C02r 
absorbent material, said container being positioned 

55 across th flow path of gas entering said inlet and x- 
iting said outlet; wherein, after a predetermined utili- 
zation of said system, said at least one removable, 
gas-penmeable container is remov d from said sys- 
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tem and spent COrat>3orbent material from said con- 
tainer is regenerated for reuse in said scrubber sys- 
tem, said regeneration including at least periodicalty 
removing accumulated Group 1a metal carbonate de- 
posits. 

In preferred embodiments of the present inven- 
tion, said COr absorbent material comprises gran- 
ules of a Group 1 a metal hydroxide or a hydrate there- 
of, and wherein regeneration thereof comprises the 
steps of: 

a) removing spent COrabsorbent material from 
said container and comminuting said material; 

b) thermally decomposing said material; 

c) hydrolysing the material from step (b) with wa- 
ter to reform the hydroxide which is obtained in 
the solid phase, by means of crystallizing out and 
drying; 

d) comminution and granulation of the hydrated 
material to predetermined particle size and por- 
osity; and 

e) repacking the regenerated partides in a scrub- 
ber container for reuse. 

In other preferred embodiments of the present in- 
vention, said COrabsorbent material comprises a 
solution of Group 1 a metal hydroxide in water absor- 
bed into porous granules of an alkali-resistant mate- 
rial, and wherein regeneration thereof comprises inrv 
mersing the scrubber container in a flowing stream of 
a Group 1a metal hydroxide-rich solution until all the 
absorbent carrier granules have picked up fresh 
Group la metal hydroxide solution, and draining the 
container of excess solutk>n, whereafter said contain- 
er is ready for reuse. 

In these later embodiments. Group la nnetal car- 
bonate accumulates in said regeneration solution af- 
ter several uses thereof, and thus the present method 
comprises the further step of slaking said regenera- 
tion solution with lime or barium hydroxide to remove 
accumulated Group la metal carbonate deposits 
therefrom, followed by filtering off insoluble carbon- 
ates. 

When said Group la metal hydroxide is NaOH, 
the present method may alternatively comprise the 
further step of chilling the solutk>n to at least -10°C, 
whereupon sodium cart>onate settles out, followed by 
filtering off said sodium cari:>onate. 

It has now also been found, especially for scrub- 
bere in mobile applications, that at CO2 breakthrough 
there stilt remains a substantial amount of granules in 
the scrubber bed that has hardly reacted, with nnost 
of the reaction having occurred in an outer layer 
through which air enters the bed. If the complete bed 
is replaced at this stage, poor utilization of the overall 
scrubber material is realized. 

In light th reof, the pr sent inv ntk>n now also 
provides a ntethod for maximizing the effectiv life 
and utilizatk)n of cart>on dioxide-absorbent material in 
a scrubb r syst m for removing carbon di xide from 



a metal-air battery or fuel cell, comprising providing, 
in such a battery, a housing including a gas inlet and 
a gas outlet, and a plurality of gas-permeable contain- 
ers supported in series across the flow path of gas n- 

5 tering said inlet and exiting said outlet, each of said 
containers containing a carbon dioxide-absorbent 
material and being individually independently remov- 
able from said series, wherein, after a predetermined 
utilization of said system, a first container closest to 

10 said gas inlet is removed from said series and a sec- 
ond container from said series is repositioned in the • 
place of said first container, while the material in said 
first container is regenerated as described herein. 
As wilt now be understood, in this embodiment of 

15 the present invention, the scrubber bed is sub-conv 
partmentalized into two or more layers. When break- 
through occurs, only the air-entry layer is removed, 
with means available (e.g., sliding, rotational, spring, 
levers, gravitational, hydraulic, pneumatic, manual, 

20 motorized, etc.) for repositioning the remaining lay- 
er(s) to take the place of a ren>oved layer within the 
scrubber, and such that a new layer nnay be intro- 
duced into the air-exit side of the scrubber. 

In the case of a zino-air battery, where mechan- 

25 leal refueling of the zinc is required, for example, once 
per week, the scrubber material would be convenient- 
ly subdivided into three equal layere,. only one of 
which is replaced at weekly Intervals for reprocess- 
ing, and by this means only scrubber material with a 

30 high level of chemical conversion (above 80%) need 
be used. 

Thus, in especially preferred embodiments of the 
present Invention, there is provkJed a method wherein 
said scrubber is sub-compartmentalized into a series 

35 of three separately removable and repositionable 
gas-permeable containers, wherein, upon removal of 
a first container, a second container is repositioned in 
Its place, whereafter a third container from said series 
Is repositioned in place of said second container, and 

40 a new container, containing fresh carbon dioxide-ab- 
sorbent material, is posittoned in place of said third 
container. 

In another embodiment of the present inventton, 
after partial utilization of the CCVabsorbent niaterial. 

45 ar feed conduits connected to said inlet and saki out- 
let are manually disconnected by the user and ex- 
change-reconnected thereto, for maximum utllizatk)n 
of the COrabsorbent material before the regenera- 
tion thereof as described herein. 

50 In yet another embodiment of the present inven- 
tion, there is provided a renrravable. tubular, gas-per- 
meable container containing a COrabsorbent mate- 
rial between concentric inner and outer cylindrical 
walls thereof and creating a flow path from said inner 

55 t said outer wall, wherein the area of C02-ab8orbent 
material increases al ng said flow path. 

The scrubb r system of the present invention is 
preferably based on the use of a coars . granular type 
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C02-absort>6nt material (3-30 mesh), comprising an 
alkali metal hydroxide (e.g., sel cted from LiOH, 
NaOH, KOH). The hydroxide may be in the solid 
phase (either anhydrous or hydrated form), when ad- 
vantageously a certain minimum porosity (50% mini- $ 
mum) of the granules will ensure good utilization of 
the inner portions of said granules. Alternatively, es- 
pecially when the air to the scrubber/ battery is pre- 
humidified, the hydroxide may be in the fbnm of an im- 
pregnated phase as an aqueous solution (e.g., 30-40 io 
wt.% MOH) absorbed on porous carrier granules of an 
alkali-resistant plastic, ceramic or elastomer In foam, 
flock, chip or felt form. Examples of such materials are 
polyethylene, polypropylene. PVC. polystyrene, ny- 
lon, low-density brick, or rubber. is 

If an aqueous solution of alkali metal hydroxide is 
used to impregnate the carrier granules and the car- 
rier is sufficiently porous (at least 50%), the excellent 
hygroscopic properties of the hydroxkie will ensure 
under hum kl if led air an effective, quasl-liqukJ phase 20 
at the granule surface, enabling adequate use of the 
sub-surface layers as well for CO2 absorption. 

For regeneration of the scrubber material, there 
are two approaches, depending upon whether the 
scrubber material is used in the solid phase (prefenBd 25 
for LiOH-based scrubbers), ores a solution phase im- 
pregnated on a porous carrier (preferred for NaOH, 
KOH-based scrubbers). If solid phase, the spent 
scrubber material (mainly the carbonate M2CO3), af- 
ter removal from the scrubber container, may be com- 30 
minuted and then decomposed thermally to give the 
metal oxide M2O. usually requiring a high- 
temperature roast step (900-1 400*^0): 

MjCX)^ = M2O + CO2 (3) 

The product M2O may be hydrdyzed with water 35 
to reform the hydroxide, which is obtained in the solid 
phase by means of crystallization, drying and commi- 
nution, and may then be regranulated to give fresh 
solkj MOH and repacked into the scrubber container. 

M2O + H2O = 2M0H (4) 40 

Instead of using a themnal cycle, the spent M2CO3 
may be slaked with a low-cost reagent, such as Wme 
(CaO) or calcium hydroxide [Ca(0H)2) in a wet proc- 
ess to reform MOH, which is then obtained in the solid 
phase by separation of the precipitated CaCOa from 45 
the aqueous MOH phase using, for example, filtration 
followed by e^poratton/granulatton. As an alterna- 
tive to lime or calcium hydroxide, barium hydrate is 
applicable. 

M2CO3 + CaO + H2O = 2MOH + CaCOa (5) so 
MjCOa + Ba(0H)2 = 2M0H + BaCOs (6) 
The reacttons (4). (5) are exothemilc and the heat 
evolved may be usefully employed elsewhere. Addi- 
tionally, the CO2 product from (3) or the 
CaCOa/BaCOa (precipitated) product from (5) or (6) 55 
are recoverable for resal or reprocessing back to ' 
CaO. Ca(0H)2 or Ba(0H2), whil a chemical indicator 
for showing CO2 saturation may be added at th final 



granulation stag . 

If the scrubber nrtateriat is impregnated as a sol- 
ution on a porous granular carrier, the element con- 
taining spent material is left soaking in a flowing ex- 
cess closed cycle wash stream of low carbon ate- 
MOH solution until the carbonate content in the gran- 
ules has reached an acceptably low level, and after 
draining the element may be reused. The wash 
stream containing both MOH and rejected M2CO3 is 
continuously or batch purified by either physical 
means (only for NaOH/Na2COa) by cooling to -10°C 
(when Na2C0a separates out by crystallization), or by 
chemk^al means (slaking with lime or barium hydrate 
as in Equation (5) or Equation (6) above). 

The inventton will now be described in connection 
with certain preferred embodiments, with reference to 
the following illustrative figures so that it may be nnore 
fully understood. 

With specific reference now to the figures in de- 
tail, it is stressed that the particulars shown are by 
way of example an purposes of illustrative discussion 
of the preferred embodiments of the present inven- 
tion only, and are presented in the cause of providing 
what is believed to be the nriost useful and readily un-' 
derstood description of the principles and conceptual 
aspects of the inventkin. In this regard, no attempt is 
made to show structural detail of the Invention in 
more detail than is necessary for a fuhdamental un- 
derstanding of the inventk)n. the descriptk)n taken 
with the drawings making apparent to those skilled in 
the art how the several forms of the invention may be 
embodied in practice. 

In the drawings: 

Fig. 1 is a perspective view of a preferred embodi- 
ment of the scrubber system according to the in- 
vention; 

Fig.'2 Is a perspective view of an embodiment of 
a container therefor; 

Fig. 3 is a perspective view of a further embodi- 
ment of the scrubber; 

Fig. 4 is a diagram of a scrubber system provided 
with air flow reversal means, and 
Fig. 5 Is a perspective, fragnwnted view of a cyl- 
indrical embodiment of the scrubber. 
Referring now to the drawings, there is seen in 
Fig. 1 a scrubber system 10 for removing carbon di- 
oxkje from a metal-air battery, such as the zinc-air 
battery 12 shown. This is achieved by renrioving said 
carbon dioxkie from the air which is fed to the battery 
12 for use as an oxidant. 

A scrubber housing 14 is provided with a gas inlet 
1 6, through which air enters, containing, as is nonnnal, 
about 0.04% of CO2. Housing 1 4 is als provkled with 
a gas uti 1 18, through which purified air passes on 
its way t b used in th battery 12. 

In Fig. 1, three gas-permeable contain rs 20a. 
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20b, 20c are supported in series across th flow path 
of gas. i. ., air, which nters Inlet 16, passes in series 
through all the containers 20, and exits the scubber 
housing 1 4 through th outlet 1 8. Each of the contain- 
ers 20 holds a COj- absorbent material 22. Preferably, 
the CO^-absorbent nriaterial comprises granular alkali 
metal hydroxide. A granule size of between 1 and 2 
millimeters diameter provides a suitable compromise 
between the conflicting requirements of providing a 
large surface area and of minimizing the pressure 
drop of the gas flow. 

In a further embodiment, the COrabsorbent ma- 
terial 22 comprises aqueous alkali metal hydroxide 
absorbed on a porous carrier. 

The containers 20 are individually independently 
removable from said series, so that a container hold- 
ing material 22 which is chemically exhausted may t>e 
removed and replaced by a fresh container. Advanta- 
geously, the arrangement allows the individual re- 
moval from said series of a first container 20a closest 
to the gas inlet 1 6. and the repositk>ning of a second 
container from sakl series in the place of the contain- 
er 20a. As the first container 20a processes air which 
still retains its full charge of CO2, it is thi& first con- 
tainer 20a which will first be chemically exhausted. 
The air entering the container 20b will already have 
had a substantial part of its original CO2 content re- 
moved, and thus container 20b will therefore be able 
to continue functioning after exhaustion of container 
20a. The third container 20c can be reposittoned in 
place of the second container 20b, upon repositioning 
of the second container 20b In place of the first con- 
tainer 20a, and a new container positioned in place of 
the third container 20c. 

In Fig. 1 there is also shown housing 14 wherein 
three containers 20 are arranged as a vertical stack 
26. Each lower container 20a, 20b directly supports 
an upper container. In the verticaJ stack 26, a suffi- 
cient degree of air sealing between vertically-adja- 
cent containers is achieved by using the weight of the 
full upper container 20c as a sealing force. 

Housing 14 is provided with a lower side opening 
26 to allow removaJ of the lowest container 20a. An 
upper side opening 28 allows insertion of an upper 
container 20c. Restricter means 26 are provided for 
the retention in framework 24 of the intermediate con- 
tainer 20b. 

Container 20 is provided with two major opposite 
faces 32, which are air porous. A large number of 
apertures 34 are provided on each face 32, the aper- 
tures 34 being smaller than the size of the granules 
comprising the material 22. Handles 36 are provided 
for convenience of withdrawal of the containers 20 
from framework 24. 

In operatton. a blower 38, powered by the battery 
12, takes in air from the atmosphere and forces this 
air through th scrubb r system 1 0, where CO2 is re- 
mov d. The purified air is then distributed to th cath- 



odes of the individual battery cells and exits from the 
battery 12. 

The battery is further provid d with an air humid- 
ification unit 40 and a thermal managem nt controller 
5 42. 

Referring now to Fig. 2, there is seen a container 
20, as described above, further comprising an attach- 
ed seal element 44, configured for reducing air leak- 
age between adjoining containers. The seal element 

10 44 is advantageously made of a low-frictk)n elasto- 
mer, so that withdrawal of a container may be effected 
without excessive seal frictional resistance. 

Fig. 3 shows a rack 46, supporting a series of 
containers 48 in contacting horizontal formation. 

15 Each container is provided, on a first side 50, with a 
male connector element 52, and on an opposite sec- 
ond side 54, with a corresponding female connector 
element 56. The skjes 50, 54 have screens 55, suffi- 
ciently fine to retain COrabsortent material 22. As 

20 shown, in connected formation the containers 48 form 
a substantially gaa-tight series. 

The advantage of the horizontal series lies in that 
the containers 48 are easier to disconnect for purpos- 
es of replacement, as the series can be broken at any 

25 location by sliding the containers 48 along the rack 
46. 

Fig. 4 depicts a further embodiment of a scrubber 
system 58. An air blower 38, having an outlet port 60, 
is connected to one port 62 of a four-way air valve 64. 

30 The remaining three ports 66, 68, 70 of the valve 64 
are respectively in flukl connection with t>oth gas 
ports 16, 18 of the scrubber housing 14, and with the 
air inlet port 72 of the metal-air battery 12. 

In operation of this embodiment, the scrubber is 

35 used until its output contains an unacceptably high 
level of CO2, for example, 0.03%, resulting from 
chemical exhaustion of granules 22 near the scrubber 
air inlet 16. The valve 64 is then operated, either by 
hand or by means of an automatic control, and the 

40 flow of air through the scrubber Is thereby reversed. 
Due to air flow reversal, the granules which were pre- 
viously adjacent to the scrubber outlet 18 and are 
therefore still chemically active, are now adjacent to 
the air inlet and now act to absorb CO2. Consequent- 

45 ly, the operating life of the scrubber system is extend- 
ed by a factor of about 1.8. 

Referring now to Fig. 5, there is seen a scrubber 
in the form of a removable tubular container 74. An air 
inlet 76 is connected through an end face 78 to an in- 

50 ner perforated tube 80, whk;h is concentric to the out- 
er cylindrical wall 82. COrabsorbent material 22, al- 
lowing passage of air, is contained In the space be- 
tween the inner and outer walls. An outlet 84 for puri- 
fied air is connected to the outer wall 82. As is appa- 

55 r nt from the geometry of th container74, an airflow 
path is created from th innerto the outer wall, al ng 
which path the area of COrabsort>ent material in- 
creases. A removabl sealing cap 86 is provided at 
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one end of th container 74. RemovaJ of the cap 86 
allows emptying of container 74 of exhausted material 
22 and refilling thereof with fresh material 22. Ex- 
hausted material 22 In small quantities is discarded; 
large quantities are. for economic and environmental 
reasons, chemically recharged for reuse. 

The Invention also provides a method for maxi- 
mizing the effective life and utilization of C02'absor- 
bent material in a scrubber system for renDOving car- 
bon dioxide from a metal-air battery or fuel cell, conn- 
prising: 

Step A : providing, in a metal-air battery, a hous- 
ing including a gas inlet and a gas outlet, and a 
plurality of gas-permeable containers supported 
in series across the flow path of gas entering said 
inlet and exiting said outlet* each of said contain- 
ers holding a C02-absorbent material and being 
independently removable from said series; 
Step B: removing from said series, after a prede- 
termined amount of use of said system, a first 
container closest to said gas inlet, and reposition- 
ing a second container in the place of the first 
container. 

A further embodinnent of the method comprises: 
Step A: providing, in a metal-air battery, a sub- 
compartmentalized system wherein there are 
three separately removable and repositionable. 
gas-permeable containers; 
Step B: removing from said series, after a prede- 
termined amount of use of said system, a first 
container closest to said gas Inlet and reposition- 
ing a second container in the place of the first 
container; 

Step C: repositioning a third container from said 
series in the place of said second container. 
Step D: positioning a new container, holding fresh 
COz-absorbent material, in the place of said third 
container. 

In a preferred embodiment of the invention, an 
additional step is added: 

Step E: Regenerating and repacking spent COrab- 
sorbent material from said first container, for reuse in 
said scrubber system. 

Regeneration of the material has ecological ad- 
vantages and, where large quantities of containers 
are collected, will also be of economic advantage. 

In a further preferred embodiment of the inven- 
tion, an additional step is inserted between Step A 
and Step B: 

Step A-1: After partial utilization of the COz-absor- 
bent material, air feed conduits connected to said Inlet 
and said outlet are manually disconnected by the user 
and are then exchange-reconnected thereto. 

As explained above, the consequent reversal of 
the air flow will I mprov utilization of th overall COr 
absorbent scrubber material. 

It will be videnttothosesicilled in the art that th 
inventi n is not limited to the details of the foregoing 



illustrated embodinnents, and that the pres nt inven- 
tion may be embodied in other specific fonns without 
departing from the spirit or essential attributes there- 
of. The present embodiments are therefore to be con- 

5 sidered in all respects as illustrative and not restric- 
tive, the scope of the invention being indicated by the 
appended clainns rather than by the foregoing de- 
scription, and all changes which come within the 
meaning and range of equivalency of the claims are 

10 therefore intended to be embraced therein. 



Claims 

15 1. A method for maximizing the effective life and 
utilization of COz-absorbent material in a scrub- 
ber system for renrraving cartwn dioxide from an 
air inflow to a metal-air battery or fuel cell, conrv 
prising: 

20 providing, in such a battery, a housing in- 

cluding a gas inlet, a gas outlet, and at least one 
removable, gas-permeable container containing 
a COrabsorbent nnaterial, said container being 
positioned across the flow path of gas entering 

25 said inlet and exiting said outlet; 

wherein, after a predetermined utilization 
of the system, said at least one renrK)vable, gas- 
permeable container is removed from said sys- 
tem and spent COrabsorbent nnaterial from said 

30 container is regenerated for reuse in said scrub- 
ber system, said regeneration including at least 
periodically removing accunmilated Group 1a 
metal carbonate deposits. 

35 2. A method according to claim 1 . wherein said COr 
absorbent material comprises granules of a 
Group 1a metal hydroxide or a hydrate thereof, 
and wherein regeneration thereof comprtees the 
steps of: 

40 a) removing spent C02-absort)ent material 

from said container and comminuting said 
material; 

b) thermally decomposing said nraterial; 

c) hydrolyzing the material from step (b) with 
45 water to reform the hydroxide, which is ob- 
tained in the solid phase by means of crystal- 
lizing out and drying; 

d) comminution and granulation of the mate- 
rial from step (c) to predetermined particle 

50 size and porosity; and 

e) repacking the regenerated particles in a 
scrubber container for reuse. 

3. A method according to daim 2. wherein said re- 
55 g nerated material is comminuted and granulat- 
ed t granules of 3-30 ntesh size, and packed 
with a porosity fat least 50%. 
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4. A method according t daiml.wh r insaidCOj- 
absorb nt material comprises a solution of Group 
la metal hydroxide in water absort)ed into porous 
granules of an alkali-resistant material, and 
wherein regeneration thereof comprises: 

immersing the scrubt}er container in a 
flowing stream of a Group 1a metal hydroxide- 
rich solution until all the absorbent carrier gran- 
ules have picked up fresh Group 1 a metal hydrox* 
ide solution, and 

draining the container of excess solution, 
whereafter said container is ready for reuse. 

5. A method according to daim 4. wherein said 
granules have absorbed therein a solution having 
a solution strength of about 20-45 weight % 
Group 1a metal hydroxide, and have a porosity of 
at least 50%. 

6. A method according to daim 4, wherein said irrv 
mersk)n is carried out in a dosed system. 

7. A method according to daim 4, wherein said car- 
rier material is selected from the group consisting 
of granules of polyethylene, polypropylene, poly- 
vinylchloride, polystyrene, nylon, low-density 
brick, and rubber. 

8. A method according to daim 4, comprising the 
further step of slaking said rsgeneratk>n solution 
with lime, calcium hydroxkle, or barium hydroxide 
to remove accumulated Group la metal carbon- 
ate deposits therefrom, followed by filtering off 
insoluble cart>onates. 

9. A method according to daim 4, wherein said 
Group la metal hydroxide is NaOH, and compris- 
ing the further step of chilling the solution to at 
least -10**C, whereupon sodium carbonate set- 
tles out followed by filtering off said sodium car- 
bonate. 

10. A method according to daim 1, comprising: 

provkjing a plurality of gas-permeable 
containers, supported in series across the flow 
path of gas entering saki inlet and exiting said 
outlet; 

each of saki containers containing a COj- 
absorbent material and being individually inde- 
pendently removable from said series, and 

wherein, after a predetermined utilization 
of the system, a first container closest to sakl gas 
inlet is removed from said series and a second 
container from said series is repositioned in the 
place of said first container. 

11. A m thod according to daim 10, wherein said 
system is sub-compartmentalized into three sep- 



arately removable and repositionable, gas-per- 
meable containers; 

wherein, upon removal of said first con- 
tainer, said second container is repositioned in its 
5 place, whereafter a third container from said ser- 

ies is repositioned In place of saki second con- 
tainer, and a new container, containing fresh 
COj-absorbent material, is positioned in place of 
said third container. 

10 

12. A method according to claim 10, wherein, after 
partial utilization of the GOrabsorbent material, 
air feed conduits connected to saki inlet and saki 
outlet are manually disconnected by the user and 

15 exchange- reconnected thereto. 

13. A method according to claim 10, comprising pro- 
vkling a removable, tubular, gas-permeable con- 
tainer, containing a COrabsort>ent material, be- 

20 tween concentric inner and outer cylindrical walls 
thereof, and creating a flow path from said inner 
to said outer wall, wherein the area of GOrabsor- 
bent material Increases along saki flow path. 

25 14. A scrubber system for implementing the method 
of daim 1. comprising: 

a housing indudlng a gas inlet and a gas 
outlet; and 

a plurality of gas-permeable containers, 
30 supported in series across the flow path of gas 
entering said inlet and exiting saki outlet; , 

each of said containers containing a CO2- 
absorbent material and being individually inde- 
pendently removable from said series. 

35 

15. A scrubber system for Implementing the method 
of daim 14, further comprising means enabling 
the individual rsnruvat from said series of a first 
container dosest to sakj gas inlet, and the repo- 

40, sitk)nlng of a second container from said series 
in the place of said first container. 

1 6. A scrubber system for implementing the method 
of daim 14, further comprising a seal element at- 

46 tached to each container, configured for reducing 
air leakage between adjoining containers. 

17. Ascrubber system according to daim 15, further 
comprising means enabling the repositioning of a 

50 third container in the place of said second con- 
tainer, upon the reposittoning of said second con- 
tainer in the place of sakj first container. 

18. A scrubber system according to daim 15. wherein 
55 said means comprises a housing wherein saki 

contain rs are arranged as a vertical stack, each 
lower container directly supporting an upp r con- 
tainer; 
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said housing being provided with a lower 
side opening to allow rem val of the lowest con- 
tainer, an upper side opening to allow ins rtion of 
an upper container, and restrictor means for the 
retention in said housing of at least one intemriedi- 
ate container. 

19. A scrubber system according to claim 15, wherein 
said means comprises a rack supporting said 
containers in contacting horizontal formation, 
each container being provided on a first side with 
a male connector element and on an opposite 
side with a corresponding fennale connector ele- 
ment; 

whereby said containers may be connect- 
ed to form a substantially gas-tight series. 

20. A scrubber system according to claim 14. further 
comprising an air blower having an outlet port 
and a four-way air valve, the ports of said valve 
being respectively in fluid connection with both 
gas ports of said scrubber housing, with the blow- 
en outlet port and with the a^ i nlet port of said met- 
al-air battery or fuel cell. 

21. Ascrubbersystemaccordingtoclaim 14, wherein 
said CX3rfit>^'t>ent material comprises granular 
alkali metal hydroxide. 

22. A scrubber system according to daim 1 , wherein 
said COrabsorbent material comprises aqueous 
alkali nrwtal hydroxide absorbed on a porous car- 
rier. 

23. Amethodaccordingtodalml.fbrmaximizingthe 
effective life and utillzatton of COrabsorbent 
material in a scrubber system for removing car- 
bon dioxide from a metal-air battery or fuel cell, 
comprising: 

provkJlng, in such a battery, a housing in- 
cluding a gas inlet and a gas outlet, and a plurality 
of gas-permeable containers, supported in series 
across the flow path of gas entering said inlet and 
exiting said outlet; 

each of saki containers containing a COj- 
absorbent material and being individually inde- 
pendently rennovable from said series, and 

wherein, after a predetermined utilization 
of the system, a first container closest to sakj gas 
inlet is renrwved from said series and a second 
container from said series is reposittoned in the 
place of said first container. 

24. A method according to claim 10. wherein said 
system is sub-compartmentalized into thre sep- 
arately removable and repositionable gas-per- 
meabl containers; 

wherein, upon renrxival of sakl first con- 



tainer, said s cond container is repositi n din its 
place, whereafter a third container from said ser- 
ies is repositioned in place of sakj second con- 
tainer, and a new container, containing fresh 
5 C02-absorbent material, is positioned in place of 

said third container. 

25. A method according to claim 1. wherein, after . 
partial utilization of the COrabsorbent material, 
10 air feed conduits connected to said inlet and saki 
outlet are manually disconnected by the user and 
exchange-reconnected thereto. 
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